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A small battery operated microfilm recorder for 
geophysical signals with periods longer than one 
second is described. It is capable of operating for 
periods of a month or more without attention. Enlarge¬ 




Mr. Walter Beckmann, geophysicist, and Mr. Angelo 
Ludas, machine shop foreman, did an effective job of 
transforming the original Long Term Recorder model into 
a unit suitable for limited production and field use 




This report describes a photographic recorder designed 
by W. R. Horsfield of Warwick, Bermuda to meet the general 
requirements of Professor Maurice Ewing, Columbia University, 
for a remote battery operated recorder. Tidal, seismic, 
geomagnetic, and barometric phenomena may be recorded with 
this instrument. Important considerations when recording 
such geophysical signals are: 
(1) The signal periods (i.e. the reciprocal of the 
signal frequency) are all longer than one second. 
(2) Recording stations are often at isolated locations 
so that a battery operated recorder with a low 
power consumption is needed. 
(3) Multiple identical stations facilitate the study 
of geophysical phenomena by making it possible to 
compare records directly without concern for phase 
or amplitude characteristics. 
(4) Recorders must often be operated by local untrain¬ 
ed personnel, such as are found at the IGY locations 
mentioned below. 
The recorder described herein was developed in the spring 
of 1956. It is at present being used by the Lamont Geological 
Observatory in their IGY Island Observatory Program, with 
recorders at Iceland, the Azores, Barbados, Bermuda, Mauritius, 
Texas Tower No. 4 ,and Belmar, N. J. 
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The major problem in developing such a geophysical recorder 
is the problem of reliable automatic time marks when opera¬ 
ting on batteries alone. We have not yet adequately solved 
this problem in an economical manner. 
This recorder is one step in the program, at Lamont 
Geological Observatory, to develop an undersea recording 
seismograph which will operate for one year without attention. 
PRINCIPLES OF OPERATION 
Figures 1, 2 ,and 3 show various views of the recorder. 
The carrying case shown in Figure 1 serves as a light tight 
box for the optical system. Basically, operation is as 
follows; the image of the illuminated tip of the indicating 
arm of a standard electric meter is focused by a microscope 
objective lens on 35 mm film. This image is swept across 
the short dimensions of the film which advances between sweeps. 
Details of the recorder operation are: 
(1) The electrical meter used is dependent upon the 
signal to be recorded. For small amplitudes these 
small portable meters have a uniform response from 
DC to periods of one or two seconds. 
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(2) The tip of the meter arm is coated with: 
a) High intensity self-luminous phosphor such as 
Undark yellow-70M. No other illumination is 
required. Such a light source used with TRI X 
film developed at a rating of 200, gives a record 
such as Figure 4. It is suitable for use at 
slow sweep speeds such as 1" per 2 hours for 
recording tidal or barometric phenomena. 
b) White paint, illuminated by a small light bulb. 
The holder into which the light bulb is insert¬ 
ed may be seen in Figure 2 to the right and just 
above the tip of the meter arm. A record of 
this type is shown in Figure 5. For this type 
of illumination maximum sweep speed is determined 
by the meter’s response and the optical resolu¬ 
tion of the system. Light shielding may be re¬ 
quired for the film. 
(3) The microscope objective is mounted at the end of 
a 6" lens arm that pivots along a line through the 
moving meter arm tip that is to be photographed. 
The cam that sweeps the microscope objective at 
constant speed across the film, by lifting the 
lens arm, may be seen in Figure 2 and 3, to the 
left and below the 35 mm film cassette. This mo¬ 
tion gives a sweep length of about 1” across the 
short dimension of 35 mm film. 
(4) Upon reaching the top of this constant motion cam, 
the lens arm drops to start a new sweep. The lens 
arm dropping action provides the power to advance 
the film by means of the link lever fastened to the 
lens arm pivot and the link rod that may be seen on 
the near side of the recorder in Figure 2. 
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(5) Microscope objectives of 10X, 21X,or 43X may be used 
to vary the photograph reduction between the meter 
arm tip and the film image. The short depth of 
focus of these microscope objectives necessitate the 
film being held in an arc against the curved film 
guide plate so that the lens-film distance remains 
constant. 
(6) Figure 1 shows the position of the film just before 
the carrying case cover is to be closed for opera¬ 
tion. (The film holder lid is beside the recorder). 
After closing the cover the film is wound, using the 
film sprocket and a handle through the case cover, 
into the circular film holder that may be seen to 
the left of the microscope objective in Figure 1. 
As the lens arm falls it returns the film to the 
original commercial film cassette after the record 
is made. Prior to opening the carrying case all 
unused film is returned to the cassette by the same 
handle. 
(7) The recorder may be focused by either of two methods 
utilizing a small hole through the front plate. The 
hole makes it possible to see the image of the meter 
arm tip on the film. In practice the microscope lens 
tube is loosened and adjusted for proper focus by: 
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a) Viewing the image of the meter arm tip on a strip 
of clear film by means of the hole in the front 
plate behind the film. 
b) Placing a piece of Scratched film in the record¬ 
er, illuminating it from behind by a light bulb 
through the hole in the front plate until the 
image of the film scratches are focused at the 
plane of the meter arm tip, as seen on a small 
piece of translucent white paper. Using 21X 
and 43X objectives, the grain of the film may 
be used for most critical focusing with this 
method. 
DISCUSSION 
The versatility of this recorder is illustrated by the 
possible combinations of sweep speed, film advance per sweep, 
meter sensitivity, method of meter tip illumination, micro¬ 
scope objective power, and film speed. The relative insensi¬ 
tivity of the meter movement to high frequency signals proba¬ 
bly limits the records to about 10 cps. 
As mentioned in the introduction, accurate time from a 
DC power source is a problem in an inexpensive recorder. The 
LTR of Figure 1 used a 60 cps alternating current, 3 watt syn¬ 
chronous motor for drive power. This type of small timing motor 
is made in an assortment of speeds by the A. W. HAYDON COMPANY or 
the R.W. CRAMER COMPANY. We are at present experimenting with 
various small DC motors that will have adequate speed control 
and running life. Mr. Horsfield's initial attempt at DC timing 
utilized a surplus British mine clock to pulse a Sigma Rotary 
ratchet relay. Such a drive method of course, meant that the 
-6- 
sweep translated in small increments rather than smoothly. We 
are at present experimenting with the small DC chronometer motors 
of the type manufactured by the EL PRODUCTS COMPANY and the R. W. 
CRAMER COMPANY. 
An alternate method, originating with Dr. Ewing, for pro¬ 
viding precise time ticks on a battery operated recorder, is 
to utilize the approximate bi-weekly seismic P-wave signals of 
strong earthquakes as the time ticks to rate the DC powered 
drive motion. The precision of such P-wave arrivals can be 
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